Quality of life (QOL) is a key clinical outcome in patients with lung cancer because of the debilitating nature of the disease and its treatments. In recent years, advances have been made in the assessment of QOL via patient-reported outcomes. A brief history of the evolution of QOL measures in oncology clinical trials and practice is given with specific reference to early-stage lung cancer. The role that QOL can play as a prognostic factor, especially among lung cancer patients, is delineated. The most commonly seen symptoms among lung cancer patients are listed. This review is intended to provide the clinical researcher with a summary of the alternative measures that are both valid and reasonable to consider when assessing QOL in early-stage lung cancer patients. Suggestions for QOL assessment in both a research setting and clinical environment are considered. A review of the most popular QOL assessments in general application to lung cancer and disease-specific measures is provided. An algorithm for selecting appropriate QOL assessments for lung cancer clinical research is provided. The primary conclusion from this work is that scientifically sound investigations into the QOL of early-stage lung cancer patients are feasible and encouraged so that the care of these patients can be optimized.
THE IMPORTANCE OF QUALITY OF LIFE FOR LUNG CANCER PATIENTS
Lung cancer accounts for more than 1 of every 4 deaths due to cancer. 1 The number of deaths from lung cancer exceeds the total combined number for the next 3 most common causes of cancer deaths: breast, colorectal, and prostate. Even among patients with early-stage lung cancer, the morbidity and mortality implications have long been established as daunting. 2, 3 Quality-of-life (QOL) issues for patients with lung cancer in general have been a major focus with the reality that the vast majority of patients will live a relatively short period with significant impairments. 3 Obvious physiologic impacts such as cough, shortness of breath, dyspnea, pain, and fatigue are combined with prevalent feelings of anxiety, situational depression, and disruption of familial and social relationships. 4, 5 A recent review of North Central Cancer Treatment Group lung cancer clinical trials indicated that the most prevalent QOL-related issues involved nausea, vomiting, fatigue, anorexia, dyspnea, and diarrhea.
This presents a complex set of variables for the clinician and clinical researcher to address alongside the treatment of the disease itself.
The QOL issues for early-stage lung cancer differ only in degree rather than the nature of the insults to patient well-being and activities of daily living. 6 Although patients with earlystage disease have a longer expected survival, the impact on their QOL is similar to that experienced by advanced cancer patients. 7 Bezjak and colleagues 8 present an excellent example of a completed protocol, analysis, and interpretation of QOL specifically for early-stage lung cancer. Yan et al 9 recently published a systematic review of trials involved in early-stage lung cancer and detailed the QOL issues faced by these patients. Several studies have been done attempting to improve patient QOL in this patient population. 10, 11 Cella and Patel 10 have tested numerous ways of improving QOL including pharmacological, biological, and psychosocial approaches. Thompson et al 11 presented a systematic review of the noninvasive nursing interventions for improving well-being in lung cancer patients and found evidence to recommend nursing-led programs for symptom control such as breathlessness.
THE EVOLUTION OF QOL ASSESSMENT IN CANCER
Fortunately, there are guidelines and established procedures to undertake sound research in QOL assessment. 12, 13 Multiple international efforts have produced techniques to resolve issues surrounding missing data and psychometrics so that it is now verifiable that QOL measures are scientifically sound. 14Y17 Moreover, a review by Hahn et al 18 found that the precision of QOL variables was comparable or better than most other clinical variables. In particular, there have been advances in the science surrounding patient-reported QOL assessment via patientreported outcomes (PROs). Many QOL instruments date back to the 1970s, 19 and yet there are now several newer PRO instruments that have been specifically designed to more precisely measure QOL according to the site of disease (e.g., European Organization for Research and Treatment of Cancer [EORTC] Quality of Life Questionnaire [QLQ] for lung, breast, head and neck, esophagus, etc. 20 ) and according to the type of treatment (e.g., Radiation Therapy Oncology Group QOL tool for radiation therapy). 21 In addition to having more instruments, there are more baseline data. Indeed, the annual number of publications in the field of QOL and oncology has risen from a mere 32 articles in 1973 to nearly 1000 by 1990 and 5444 by 2004. 22 An end result of this literature is that there are now in excess of 20,000 PRO-based assessments available, and normative data now exist for a large number of assessments such as the Functional Assessment of Cancer Therapy (FACT), EORTC, and Medical Outcomes SurveyYShort Form series of measures. 23 For example, by testing large numbers of patients and individuals, using a 10-point Linear Analogue Self-assessment (LASA) scale, we can now identify baseline differences in QOL. To this point, we know that healthy individuals score 8 on the 0to 10-point scale, advanced cancer patients score between 6 and 7.5, and patients newly diagnosed with cancer score between 5 and 6. 24 For any given cancer, we now have considerable normative data for both short-and long-term QOL-related PROs. 25 
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The Cancer Journal & Volume 17, Number 1, January/February 2011 www.journalppo.com During the evolution of QOL assessment, a key question arose asking whether measuring toxicity via Common Terminology Criteria for Adverse Events (CTCAE) clinician ratings is sufficient and redundant with measuring QOL. Studies have shown that the concordance between patient and clinician rating of toxicities is weakly correlated. 26, 27 The CTCAE is useful to detect serious adverse events as designed for safety monitoring. Quality-of-life PROs, however, are more sensitive than the CTCAE and allow toxicity and QOL issues to be identified earlier to intervene prophylactically. This fact was recognized by the National Cancer Institute funding of an initiative to develop a patient-reported version of the CTCAE. 28 The existence of large volumes of normative data naturally led to the development of accepted standards for defining the clinical significance of PROs. Starting in 2002, QOL researchers worked in tandem in attempting to arrive at consensus for definitions of clinical significance for QOL measures. 29 Ultimately, work by these investigators led regulatory agencies to define what is meant by ''clinical significance'' in PRO-based research of QOL-related domains. 30Y34 A framework for defining clinical significance in terms of effect sizes (the size of the differences observed between treatments) has seen extensive use in clinical trials. 31, 32 Tying the clinical significance to another outcome such as performance status as an anchor to estimate a clinically significant benefit is also sometimes used. 30 The encouraging finding from this extensive body of research is that regardless of the methodological approach used, the definition of what is clinically significant in terms of QOL assessments is consistently of the same order of magnitude. 34, 35 For example, under virtually any circumstance it has been demonstrated that a half-SD shift in a QOL outcome is clinically nonignorable. 31,34Y36 Returning to the LASA normative data example above, it is now accepted, based on initial work and verified by others, that a 2-point difference in LASA scores is considered clinically nonignorable, and a score of 5 or less is indicative of a need for clinical intervention. 36, 37 Most recently, the emergence of evidence that QOL is a prognostic variable for cancer patient survival has led to more routine incorporation into clinical research. The evidence goes back as far as a study by Degner and Sloan 38 in 1995 wherein symptom distress was seen to be prognostic for survival for a cohort of newly diagnosed ambulatory lung cancer patients. A report by Gotay et al 39 illustrates this point as this review of 39 clinical studies demonstrated a consistent and significant relationship between at least 1 PRO and survival in multivariate analysis in 36 of the 39 studies. A review over a 20-year period ending in 2006 found more than 100 clinical trials wherein QOL-related PROs were found to be prognostic for survival in cancer patients. 40 This effect was seen specifically among lung cancer patients in a study by Huschka et al 26 and displayed in Figure 1 . Depicted is a pair of survival curves for patients who report a clinically significant deficit in QOL versus those who do not report a deficit at baseline before treatment is initiated. A difference in median survival of more than 3 months was observed, which is more profound of a difference in median survival than most anticancer treatments for lung cancer. As a result of this work, the North Central Cancer Treatment Group decided in 2009 to incorporate overall QOL and fatigue as baseline assessments in all of their clinical trials to be used either as stratification variables or covariates in survival analyses. Another study by the Radiation Therapy Oncology Group recently confirmed these findings, indicating that QOL actually superseded other more accepted prognostic variables for survival in advanced lung cancer. 41 As evidence has mounted indicating that QOL-related PROs can serve as key endpoints in clinical trials, the next logical question is whether QOL PROs can serve as key clinical indicators in practice. A number of efforts have been attempted to incorporate QOL into routine oncology clinical practice. 42Y46 Higginson and Carr 42 described the various advantages of incorporating QOL into clinical practice. Chang et al 43 used the FACT-Lung Cancer (FACT-L) QOL assessment in a clinic of lung cancer. Although physicians were generally supportive of the effort, the complexity of the information provided was identified as a barrier to routine use of QOL data. Detmar and colleagues 44 demonstrated in a randomized clinical trial that incorporating QOL assessments into clinical practice can indeed facilitate communication. Taenzer et al 46 further did a clinical study of a lung cancer outpatient practice that indicated patient well-being and physician behavior could be impacted by the availability of electronic screening for QOL-related issues. Both these studies found that physicians were in need of clinical pathways to facilitate the use of QOL data in their practice. Velikova et al 45 in a pair of studies provided evidence that not only could communication between physicians and patients be improved but that also patient well-being could actually be improved.
Some PRO-based assessments have already been adopted in the clinic. For example, the management of pain in surgical patients swiftly shifted away from provider-based assessments toward patient-based assessments following the introduction of the linear pain scale assessment tools. It is now routine and commonplace for patients to rate their own pain and for that information to serve as the basis for pain management. Numerous clinical applications are being tested including routine assessment within oncology practice at the Mayo Clinic beginning in 2010 of overall QOL and fatigue at the same time that pain is assessed for each patient upon intake. Anecdotal evidence has already indicated that including these simple single-item measures of QOL has practice-changing impact for both clinicians and patients.
POPULAR QOL ASSESSMENTS FOR EARLY-STAGE LUNG CANCER
There have been numerous reviews of available QOL measures for lung cancer published elsewhere. Bottomley et al 25 did a review of these measures in 2003 and at the time of this writing has a manuscript in press at the Journal of Clinical Oncology updating his previous work, so they will not be repeated here. Instead, a few key ones will be highlighted, and then 
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The Cancer Journal & Volume 17, Number 1, January/February 2011 we will provide a general approach one should take to choosing the specific QOL measures for specific applications. The main message to be imparted from this work is that there exists a large number of alternative measures for assessing QOL in lung cancer patients who have been demonstrated to have the requisite theoretical framework and psychometric properties so that investigators can use them with confidence. 47 All of these measures can be viewed at www.qolpro.org with associated reference material with the user ID form_banker and the password iloveforms08.
The majority of lung cancer trials use 1 of 3 disease-specific measures: the EORTC-QLQYLung Cancer (EORTC-QLQ-LC13) module, 48 the FACT-L 49 module or the Lung Cancer Symptom Scale assessments. 50 The EORTC-QLQ-LC13, FACT-L, and Lung Cancer Symptom Scale are composed of 13, 17, and 9 items, respectively, which produce a single summative score. Individual questions may be drawn from each of these modules for use in specific trials, but the items must then be used only as separate, individual variables as the validity of the summative score is compromised.
Typically alongside disease-specific measures, general indication of overall QOL is included in clinical trials. 51 The most common measures seen in the arena of lung cancer are the parent questionnaires of the EORTC and FACT measures, one of the Medical Outcomes SurveyYShort Form measures, 52 or a series of single-item LASA items. 53 All 4 of these measures will provide scientifically sound estimates of overall QOL along with the major subdomains such as physical and mental function. 54 The LASA measures have become the most often used measures for assessing QOL in cancer control trials supported by the National Cancer Institute. 47 Furthermore, these particular measures of overall QOL and domains have demonstrated preliminary evidence for a relationship between QOL and genetic variables. 55 
SELECTION OF ASSESSMENT MEASURES FOR EARLY-STAGE LUNG CANCER
Efficace et al 17 set out a general algorithm for choosing QOL measures as part of a monograph on solutions for assessing QOL in cancer patients. Basically the algorithm is as follows:
(1) Define the clinical outcomes, both general to cancer patients and specific to the patient population under study, that are expected to change over time, be different between patients, or impact treatment outcome. (2) With literally thousands of QOL measures, it is unlikely that you will be studying an area that has no previously developed and validated QOL measure. It is likely that most of the concepts you want to cover will be contained within existing measures and that there will be a small number of disease-or treatment-specific concepts that are not covered. Inspect general and disease-specific existing measures for adequacy of covering the concepts in your list from step 1. (3) Choose the most appropriate existing measure that has the smallest number of items for you to meet your goals.
(a) Choose a general measure if you want to be able to compare your sample to other patient populations. (b) Choose a disease-specific measure or module that covers the majority of issues that you have listed. (4) Construct study-specific items that are not contained in any existing measure. In constructing these items, you must keep in mind that these are exploratory and intended to answer a specific detail or question that will serve as a supplementary secondary endpoint. If these items can be understood by a single word or simple phrase by patients, they can be put into a numerical analog response format akin to the work of Cleeland and others. 56 (5) Test drive the set of items by your colleagues and a few volunteer patients, if possible asking 3 specific questions: (a) Did any item not apply to you? (b) Did any item upset or confuse you? (c) Did the questions cover all the important things regarding your QOL?
An example: Suppose you want to assess QOL of patients receiving 1 of 2 alternative treatments for early-stage lung cancer. The treatments have different toxicity profiles, and it is unlikely that survival will be markedly different between the 2 treatments, although of course that will be tested. The primary comparative effectiveness conclusion will be made based on the differences in QOL-related domains. In previous trials, 1 drug is related to toxicities including peripheral neuropathy, pain, and neutropenia, whereas the other incurs gastrointestinal issues such as diarrhea and nausea.
(1) Step 1. Our list of symptoms includes nausea, diarrhea, pain, neutropenia, and peripheral neuropathy. Neutropenia typically is related to general reported deficits in fatigue and overall QOL, so we can expect these to change over time and impact patient compliance and treatment efficacy. (2) Step 2. Consider alternative general measures of QOL. The EORTC, FACT, SF, and LASA series of forms will provide summary measures for overall QOL with subscales, and all have been previously validated for use in lung cancer patient populations including early-stage disease. Many of the items in these forms will not apply to each patient as they were designed for more global populations. In the case of the SF measures, they were designed and perform optimally when applied to healthy populations, although they have seen extensive use in cancer patients. 57 Peripheral neuropathy can be assessed using items developed by the North Central Cancer Treatment Group specifically for this purpose. We might also consider supplementing these established items with protocolspecific items (such as ''Did our new nursing-led initiative to control your breathlessness improve your QOL on a 0-to 10-point scale from 'not at all' to 'a great deal'?''). These latter unvalidated supplementary protocol-specific items often provide rich data to detail aspects of the patient experience, which might otherwise go unobserved. As they are all ''one off'' items, their primary purpose is descriptive and supplementary and should not be used as primary or key secondary endpoints. 
SUMMARY
The key aspect of the state of the science in QOL assessment is that these measures have now been well studied and established to be as reliable, valid, and reproducible as any other laboratory biomarker. 38 Hence, given that we now know these valid PRO assessments can identify vulnerable subpopulations reliably, and we are beginning to uncover the biological processes that lead to deficits in PRO QOL domains, we can begin to think of these measures as just another surrogate endpoint biomarker. The source of the surrogate endpoint biomarker may be the patient's cognitive report rather than a laboratory specimen, but modern psychometric research has demonstrated equal, if not superior, prognostic characteristics and less measurement error among PROs than laboratory-based alternatives. As with any SEB, PROs are not perfect, but they do not have to be perfect; they need to be useful and practical for improving cancer care. The evidence of this and other recent work is mounting that the day that PRO assessments will be integrated into routine practice and other clinical and basic research as just another vital sign may be within sight.
